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. Abstract:Phytoplanktonbiomass,chemicalparametersandhydrologywerestudiedin a
transect101.6kmlongoffCabo]<'rio(RJ), SoutheastBrazil,duringsummer(December
29to 31,1991)andwinter(June27to 30,1992).Windinducedupwellingeventsare
frequentlyobservedin theareaduringsummer,becomingrareduringwinter.By the
summercruisea bloomof phytoplanktonwasobservedin surface,closeto thecoast,
withchlorophyllconcentrationsreaching25.55mgChl-am.3,uncoupledfromthecold,
nutrientrichwatersof SouthAtlanticCentralWater(SACW),foundbelow40mdepth.
Duringthewintercruise,theSACWraisedatthesurfacewatersin frontof CaboFrio
depictinganupwellingevent.However,in spiteof highsurfacenitrateconcentrations
(upto 7.7 11M)ch10rophyll-awerelowerthan2 mg Chl-a m'3.The phytop1ankton
biomass,meteorologicalndhydro10gicaldatasuggesta probableupwellingevent
immediatelybeforethesummercruise,andanongoingoneduringwintertime.Cluster
analysesandprincipalcomponentana1yses(PCA) wereappliedto summerandwinter
data,pointingoutmultidimensionalfrontsintheareaduringbothseasons.
. Resumo: A biomassafitoplanctônica,parâmetrosquímicose hidrologiaforam
estudadasemumtransectode101,6Km aolargodeCaboFrio,(RJ) Brasil,duranteo
verão(Dezembro29a31,1991)einverno(Junho27a30,1992).Nestaárea,eventosde
ressurgênciainduzidospeloventosãocomunsduranteo verão,tomando-semaisraros
duranteo inverno.Duranteo períodode verãoumafloraçãode fitoplânctonfoi
observadanasuperficiepróximoaocontinente,apresentandoummáximodeclorofila-a
iguala 25,55mgCl-a m,3desacopladoaságuasfriase ricasemnutrientesdaÁgua
CentraldoAtlânticoSul(ACAS),presenteabaixode40m.Duranteo inverno,aACAS
alcançouasuperficiemfrenteaCaboFrio,caracterizandoumeventoderessurgência.
Entretanto,apesardasaltasconcentraçõesde nitratona superficie(até7,7 11M),as
concentraçõesde clorofila-aforammenoresdo que 2 mg Cl-a m'3.Os dados
meteorológicos,hidrológicosedebiomassafitoplanctônicasugeremumprovávelevento
deressurgênciaimediatamenteanterioraoperíododeamostragemdeverãoeumevento
emandamentoduranteo inverno.Análisesdeagrupamentoedecomponentesprincipais
(ACP) foramaplicadasàscoletasdeverãoe invernoseparadamente,mostrandofrentes
multidimensionaisnaárea,duranteasduasestações.
. Descriptors:Ch10rophyll,WaterMasses,Upwelling,SpatialDistribution,CaboFrio,
Brazil.
. Descritores:Clorofila,MassasdeÁgua,Ressurgência,DistribuiçãoEspacial,CaboFrio,
Brasil.
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Introduction
The CaboFrio regionis a meetingpoint fot
threewatermasses:ContinentalWater(CW) and
TropicalWater(TW- BrazilCurrent)atsurface,and
theSouthAtlanticCentralWater(SACW)atbottom
(Aidaret ai., 1993;Valentin,et al., 1987).Under
NNE windssurfacewatermovestowardsoff shore,
dueto Coriolisactionresultingin theupwellingof
SACW. This situationchangeswhensoutherncold
frontsreachthearea(Valentinop.cit., 1987).The
prevailingsurfacewatermassesin thifcaseareCW
andTW.
Gonzalez-Rodriguezet ai. (1992) identified
threedifferentphasesfortheupwellingphenomenon
at CaboFrio: the "upwellingphase",whencold,
nutrient rich water reachesthe surface;the
"productive phase", characterizedby high
phytoplankton biomass and low nutrient
concentration;and the "downwelling phase"
characterizedby decreasingphytoplanktonbiomass
andnutrientconcentration.
This work presentsthe spatialdistributionof
phytoplanktonbiomassrelatedto theoceanographic
structureat Cabo Frio. The samplingpointsare
groupedby theirecologicalsimilaritiesdetermined
by multivariateanalysesaiming to identifythe
geographicaldistribution of these upwelling
evolutionindicatorsduringthesummerandwinterof
1992.
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Material and method
Samplingswerecarriedoutat9 oceanographic
stationsalonga transectoff CaboFrio (22°00'S,
42°00'W to22°40'S,41°00'W, RJ, Brazil)during
summer(December29to31,1991)andwinter(June
27to 30,1992).Dataonwindintensityandvelocity
wereobtainedata meteorologicalstationin Arraial
do Cabo(RJ) by the Institutode Estudosdo Mar
AlmirantePauloMoreira.For summersurveythe
winddatawererecordedat 12h intervalsandat3 h
intervalsduringthewinter.
At eachstation,samplesweretakenatO,5, 10,
20, 50, 100and150m accordingto localdepth
(Fig. 1).Temperatureandsalinitywereobtainedby
Cacciarietai. (1994),usinga CTD (SeaBirdmodo
SeaCat,cod.808)andwaterwascollectedwithVan
Dom bottlesfor nitrate,nitrite,phosphate,silicate,
organicandinorganicsuspendedmatter,chlorophyll
andphaeophytin.Samplesforsuspendedmatterand
pigmentanalyseswereretainedunderfiltrationover
GF/F Whatman@filters.All sampleswerekeptin
dark at -20°C until the laboratoryanalyses.
Transparencywas also estimated,usinga Secchi
disk.
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Thermohalineintervalsfor the watermasses
identificationweredefinedaccordingto Miranda&
Katsuragawa(1991) to SACW and TW, and
accordingto Aidar et ai. (1993)to CW. The
consideredthermohalineintervalsappliedto thl;se
watermassesaswellastheintervalsforthemixtures
amongthemarepresentedin Table1,.Euphoticzone
(Zeu)was calculatedfromthe relationZeu=2.8*S,
whereS is theSecchiDiscreading(Aidaretai.,op.
cit.).Mixingzoneinferiorboundary(Zm)washere
definedasthethermoclinetopo
Table I. Thennohalineintervalsdefinedto the water
massespresentatCaboFrio area,accordingto
AidaretaI. (1993)andMiranda& Katsuragawa
(1991)
Analysesof nitrateandnitritewerecarriedout
accordingto Aminot & Chaussepied,(1983),
dissolvedphosphateand silicate accordingto
Grasshoffet ai. (1983), organic (OSM) and
inorganic(ISM) suspendedmatteras describedin
APHA (1965),andchlorophyll-andphaeophytin
followingLorenzen(1967).
Principalcomponentanalyses(PCA) andcluster
analyses,combiningtheWardmethodandsquare
Eudideandistance(Legendre& Legendre,1983)
were appliedto the data (FITOPAC software,
Shepard,1994) aiming to look up the main
distributiontendencyand to providestatistical
supporttothecondusions.ThepowerofPCA liesin
the abilityto identif)rthe mostefficientbasisfor
representingthedataandtherebyto determinethe
dominantpattemsof spatialandtemporalvariability
(Marianoetai., 1996).Initiallya PCA wasapplied
to theentiredataset.This analysispointedoutthe
maindifferencesbetweentheseseasons.To a better
understandingof datadistributiontendencies,PCA
anddusteranalyseswereappliedto summerand
wintersurveysapart.
Results
Summer
Theavailablewinddatasetforsummershowed
littleconsistenceto determinetheprevailingwinds
beforethesamplingarising(Fig.2a,b),in accountof
thelowsamplingfrequency.Watertemperaturewas
higheratthelayersabove40m (maximum24.7°C),
decreasingsharplybelowthisdepthreachingvalues
lowerthan13°Cat 120m(Fig.3a).Surfacesalinity
valueswerebelow36 at coastalstationsandabove
thisvalueatoffshorestations(beyond40km).From
40m downtothebattomsalinityvalueswerebelow
36(Fig.3b).Accordingtothethermohalineintervals
(Table1),CW wasfoundatthesurface(above10m)
doseto thecoast(Fig. 3c)whileTW wasfoundat
thesurfaceabout40kmoffshore,butanintrusionof
TW wasobservedinshoreunderCW (stations1,2
and3).SACW waspresentin thelayersbelow40m
alongtheentiretransect.TheZmdepthwasaround
25matstations1and2.Fromstation3uptostation
8, themean Zmdepthwasaround50 m andat
station9 it reached150m. TheZeuwasequalto or
deeperthanZmexceptforstation3 whereZmwas10
mdeeperthanZeu(Fig.4 ).
Nitrateconcentrationswerebelow0.5 flM in
surfacewaters,increasingto 7 flM towardtheshelf
bottom(Fig. 5a).Nitriteconcentrationswerebelow
0.05flM atsurfacewaterandabove0.10flM doseto
battomattheoffshorestations,butatstations3 and
4, thisnutrientreached0.40flM at80m (Fig. 5b).
Pattemsof phosphatedistributionweresimilarto
nitrate.Higherconcentrationvalueswereassociated
withSACW (>0.70flM) andthelowervalueswere
associatedwithTWandCW« 0.2flM)(Fig.Se).
Silicateconcentrationsshowedmaximaatmid
water(>6.0flM), atthesurface,doseto theshore
(stations1and2,>3.0flM) anddosetothebattom
atcoastalstations(Fig.5d).ThedistributionofOSM
andISM (Fig.5eand5i) followeda similarpattem,
with high concentrationswithin CW and at mid
depthsbutwith lowerconcentrationsdose to the
battom.
Chlorophyll-areachedanextremelyhighvalue
atthesurfaceof stations2 (25.55rngChl-am,3)and
3 (13.06 mg m'3). Except for thesemaxirna,
concentrationsremainedbelow5.64mg m,3at the
coastalstationsdecreasingsharplywithdepth(Fig.
5g). Phaeophytindistributionfollowedthis same
pattem,but thehighestvaluewas1.2mgm,3atthe
surfaceofstation2 (Fig.5h).
Winter
Duringthewintertheprevailingwindscarne
1TomNNE, changingto SSE two daysbeforethe
samplingarisingandthanrevertedagainto NNE
withvelocitiesaround10m S.lonedaybeforethe
beginningofthesurvey(Figs 6aandb).
Watermasses PC S
SACW T <18 S<36
SACWICW 18<T<20 35,4<S<36
CW T>20 S<35,4
SACWrrw 18<T <20 S>36
cwrrw T>20 35,4<S<36
TW T>20 S>36
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Fig.2. Prevailingwindspriorto andduringthesamplingperiod(summer).Thezeroin thegraphsrepresentshesamp1ing
origino(A) Windrose(x axisis theEast-Westcomponentvelocity(m/s),y axisis theSouth-Northcomponentve10city
(m/s»,(B) Stickplotdiagram(xaxisrepresentsime(d'ays),yaxisis thevectorialwindveiocity(m/s».
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Fig.3.Temperature,salinityandwatermassesverticaldistributionduringsummersurvey.
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Fig.6.Prevailingwindspriortoandduringthesamplingperiod(winter).Thezeroin thegraphsrepresentshesamplingorigino
(A) Windrose(x axisis theEast-Westcomponentvelocity(m/s),y axisis theSouth-Northcomponentvelocity(m/s»,
(B) Stickplotdiagram(xaxisrepresentsime(days),yaxisisthevectorialwindvelocity(m/s».
Lowtemperaturevalues« 17.5°e)werefound
at the entirewatercolumnin the coastalstations
(Fig. 7a).Temperaturewasabove20°Cat surface
watersatstations5to9.The18°Cisothermreached
surfacewatersnearstation2, andvariedfrom50m
to 100m far fromthecoast.Salinity(Fig. 7b)was
above36onlyatsurfacewatersoffshore.SACWwas
observedatthebottomthroughoutthetransectand
reachedsurfacewatersnearthecontinent.TW was
foundfarfromthecoast(40Km) fromsurfacedown
to 40 m depth.CW wasnotdetectedat thattime
(Fig. 7c).Thez". depth(Fig. 8) wasaround25 m,
exceptatstation7 whereit gotdownto 50m depth
andat stations1 and2 wheretheupwelledwater
filledtheentirewatercolwnn.The z.,uwasalways
deeperthanthez".,reachingdepthsbelow50m off
shore.
Temperature.Salinityandwatermassdistributionduringwinter.
Fig.7.Temperature,salinityandwatermassesverticaldistributionduringwintersurvey.
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Highnitrateconcentrationswereassociatedwith
SACW (2.8 to 7.7 /lM) (Fig. 9a). Nitrite
concentrationsweregenerallylow reachingvalues
above0.15!J.Mclosetothecoastin surfaceandmid
waters(Fig. 9b). Phosphateexhibitedthe same
distributionpattemas nitratewith highervalues
associatedto SACW (above0.4 !J.M) (Fig. 9c).
Silicateshowedthehighestconcentrations(above4
!J.M)at thestations1, 2 and3 at midwater.This
nutrientwasalsohigh(~3/lM) neartheshelfbottom
(Fig.9d).OSM concentrationsshoweda maximum
at mid water(> 7 mg rI around100m). The
concentrationsdecreasedownto the bottomand
towardoff shore.Maximumvaluesof ISM were
foundclosetotheshelfandatmidwater(>12mgrI
around120m)(Fig.ge,f).
Phytoplanktonbiomassas chlorophyl1-awas
below1.3mgChl-am'3in coastalstations(Fig.9g).
The biomassdistributiondecreasedwith distance
ITomthecoastanddepthincrement.For off shore
waterschlorophyll-avaluesdidnotreach1mgChl-a
m,3. Phaeophytinconcentrationswere low and
showedadistributionsimilartochlorophyll-a,witha
maximumvalueofO.4mgm-3(Fig.9h).
StatisticalTreatment
Theclusteranalysesappliedtothedataparceled
outthreegroupswithecologicalsimilarities:A, B
andC, for bothsummerandwinter.Thesegroups
wereplottedspatiallyas classedposts(Fig. 10),
showingdifferencesbetweenthespatialdistribution
of theupwellingindicators.For bothseasonsthe
samplingpointsweregroupedin a similarway.
GroupA is composedbystations1,2 and3.During
summer,thesamplingpointsof thesestationswere
groupedITomsurfaceto 20 and40 m depth,while
duringwinterit includedsamplingpointsdownto
the bottom.GroupB is representedby sampling
pointsfarITomthecoast(stations4 to9) andabove
50 m depth.GroupC is composedby sampling
pointsbelow50mdepth.Duringsummerthisgroup
is representedjust by stations4 to 9 whileduring
winterdeeppointsofstationsI to3 werepartof this
groupaswell.
The PCA appliedto summerdata(Fig. 11)
showedresemblingresults to those of cluster
analysis.Axis 1(47%of totalvariance)is relatedto
chlorophyll-a,OSM, ISM, phaeophytinandsilicate
vectorsin itspositivesectionandto salinityandZeu
vectorsin its negativesection.Group A has a
positiveprojectionin axis L It is composedby
samplingpointswithhighchlorophyl1concentrations
(meanvalue5.30mgChl-am'3)associatedwithlow
salinity(meanvalue35.31)(Table2). Group B,
projectednegativelyin thisaxis,is characterizedby
lowchlorophyllconcentration(meanvalue0.20mg
Chl-am'3)andhighsalinity(36.29).Axis 1 is also
relatedto chlorophyllvariationdueto thedistance
ITomtheshoreanddepthincrement.
Axis II (25%of totalvariance)is relatedtothe
temperaturev ctorin itspositivesectionandnitrate,
nitriteandphosphatevectorsin itsnegativesection.
SomesamplingpointsITomgroupB underhigh
temperatures(meanvalue22.33°C)wereprojected
positivelyin axis II while groupC is negatively
projectedin this axis,presentinglow temperature
(meanvalue17.240c)associatedwithhighdissolved
nitrate(meanvalue4.61/lM). Axis II representshe
hydrologicalconditions,showingtheSACW closeto
theshelfbottom.
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Table2.Average,standardeviation,maximumandminimumvalueforeachgroupindividualizedbyclusteranalysis
duringsummersurvey.
PCA (Fig. 12)performedfor thewintersurvey
also parceledout the samplingpointsinto three
groups:two underSACW influence,aboveand
belowZeu(groupsA andC) andathirdgroup(group
B) outofSACW influence.In axisI ofPCA (51.79%
oftotalvariance)nitrate,nitrite,phosphate,ISM and
OSMvectorswerepositivelyprojected.Temperature,
salinityandZeuvectorswerenegativelyprojectedin
this axis.GroupA wasrelatedto axis I positive
section. This group is characterizedby low
temperatures(meanvalue16.59°C)andthehighest
nutrientconcentrations(Table 3). Group B was
relatedtothenegativesectionofaxisI andshowed
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high salinityandtemperature(meanvalues36.19
and22.61°C,respective1y).This axisrepresentshe
hydrologicalconditionof thearea,revealingpoints
aboveZeu,underSACW orTW influence.
Chlorophyllandphaeophytinvectorsarerelated
toaxisII (16.43%oftotalvariance)positivesection.
Associatedto the negativesectionweregroupC
samplingpointswith low phytoplanktonbiomass
(chlorophyll-ameanvalue0.06mg Chl-am-3)and
high nitrate concentration(4.19 11M).Axis II
representsthe biologicalresponsevariationwith
depth.
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Fig.12.PCA appliedtowinterdata.GroupsA (+),B (O) andC (<».
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Goups NitIate Nitrite Phosphate Silicate CW-a Phaeo OSM ISM T S Zeu
(J.LM) (J.LM) (J.LM) (J.LM' (mg'm3) (mg'm3) (mg'l) (mg'l) (OC) (m)
A mean 0.13 0.02 0.26 3.57 5.30 1.54 5.Il 9.58 23.39 35.31 59.38
sd 0.12 0.02 0.13 1.10 6.05 1.23 1.82 2.55 2.37 0.25 29.17
max 0.46 0.06 0.51 6.00 22.45 5.20 9.88 15.54 24.67 35.82 92.00
min 0.06 0.00 0.07 2.18 0.58 0.46 2.45 6.69 15.80 35.04 25.00
B mean 0.11 0.02 0.15 1.53 0.20 0.09 2.09 5.06 22.33 36.29 126.86
sd 0.12 0.02 0.06 0.36 0.20 0.10 1.46 3.76 1.92 0.31 34.19
max 0.49 0.10 0.32 2.20 0.75 0.43 8.33 20.50 24.56 36.80 100.00
mm 0.00 0.00 0.04 0.72 0.00 000 0.00 0.00 17.54 35.88 203
C mean 4.61 0.17 0.50 3.31 0.29 0.24 2.32 6.11 17.24 35.69 137.31
sd 3.15 0.13 0.24 1.73 0.20 0.36 2.00 7.02 4.74 0.49 39.03
max 8.57 0.50 0.84 7.61 0.63 1.28 7.78 27.09 24.56 36.55 203.00
min 0.12 0.01 0.11 1.11 0.01 0.00 0.51 1.14 12.56 35.17 53.00
MOSER& GIANESELLA-GALVÃO: UpwellingindicatorsatCaboFrio 2]
Table3. Average,standardeviation,maximumandminimumvaluesfor eachgroupindividualizedby
clusteranalysisduringwintersurvey.
Discussion
Physical,chemicalandbiologicalvariationsat
CaboFriocontinentalshelfseemstobemorerelated
to localwindconditionsandwatermassesthanto
seasonalcycles(André,1990).Theprevailingwind
directionduringthewholeyearin CaboFrio comes
fromNNE, exceptingwhencold frontsreachthe
region, revertingthe wind directionto SSW
(ValentinetaI., 1987).Duringsummerthenumber
of coldfrontsthatarrivedattheBraziliansoutheast
coastbeforesarnplingswereat theexpectedrange:
sevenfrontalsysternsduringDecember.Thelastone
carneover CaboFrio from 25 to 29, Dec/1991
(Climanálise,1991),immediatelybeforethesummer
survey.The shallowZeudepth(25 m) at station3
duringthis periodwas probablydueto the back
scatteringandabsorbencyof lightpromotedby the
highphytoplanktonicbiomassinceISM showedlow
concentrations.Insidetheeuphoticzonenitrateand
othernutrientswere depleted,but chlorophyll-a
concentrationsreachedits maximum(25.55Chl-a
mgm,3)andphaeophytinconcentrationattainedonly
5.2 mg m,3pointingout a healthyphytoplankton
status.Accordingto Holliganet aI. (1984),these
conditionsindicatethatnutrientscomingfromdeep
layershavebeenactivelyabsorbedbyphytoplankton.
Thephytoplanktonbiomassexhibitedextremelyhigh
concentrationswhencomparedto theusualbiomass
levelsobservedin theareaduringupwellingevents:
0.5-6.0mgChl-am-3(ValentinetaI., 1987).Present
datawerecomparableto thosefromthe Benguela
upwelling,(NW-Africa)thatrangesfrom15to 31
mg Chl-a m,3 (Estrada,1980)and from Peru
upwellingthatrangesfrom10to 40 mgChl-am-3
(Stricklandet aI., 1969),known as the most
productiveupwellingareas.
DuringJuneof 1992(winter),fivecoldfrontal
systemscarneoverBrazil (Climanálise,1992),a
numberbelowtheexpectedfortheperiod(atleast7
coldfrontalsystems).TheEl Niiío SouthOscillation
(ENSO)occurrenceduringthiswinterstrengthened
the cold frontsat the braziliansouthregionand
weakenedthematthesoutheasteacoast.Duringthe
wintersurvey,asobserveduringsummer,z...was
alwaysabove4u. However,the18°Cisotherrnwas
deeperduringwinterthanduringsummerat off
shorestations(>70Km)andfollowedZeudepth.The
observedSACW advectionclose to the coast
promotednutrientenrichmentat theeuphoticzone.
However,chlorophyll-aconcentrationsduringthis
period« 1.3mgChl-am-3)werelowerthanduring
summer.
ThePCA for summershowedmajorvariations
in chlorophyll-aconcentrationsspeciallyobserved
closetothecoast.Majornutrientvariationswerealso
associatedto this period. The low nitrate
concentrationsfound at the coastalstationsare
probablya consequenceof nitrateexhaustionby
phytoplankton.According to Syret (]981), the
phytoplanktonpreferentiallyuptakes ammonia
insteadof nitrateor nitrite.This authorobserved
highernitritevaluesassociatedto high levelsof
chlorophyll-ain the field. High nitritevariability
duringsummercouldberelatedtoapreviousnitrate
consumptionandreductionto nitritebymicroalgae
Goups Nitrate Nitrite Phosphate Silicate ChI-a Phaeo OSM ISM T S Zeu
IJ,1M) IJ,1M) IJ,1Mi IJ,1M) (rngm-3) (rngrn.3) (rngl.l) (rngl.t) ("C) (rn)
A rnean 5.51 0.18 0.56 5.20 OA6 0.27 3.08 12.39 16.59 35.52 36.03
sd 1.23 0.03 0.14 2.32 0.33 0.09 0.85 4.29 2.13 0.19 15.79
max 7.70 0.26 0.95 12.10 1.36 0.40 4.85 19.00 15.79 35.82 54.60
min 2.80 0.11 0.33 1.93 0.05 0.05 1.92 5.50 0.19 35.00 17.92
B mean OA1 0.05 0.12 4.19 0.22 0.08 1.48 6.19 22.60 36.19 110.98
sd 0.55 0.04 0.05 4.10 0.18 0.05 0.39 2.02 2.09 OAO 10.14
max 1.84 0.24 0.24 14.85 0.72 0.20 2.30 10.6 23.54 36.67 125.00
min 0.00 0.01 0.04 1.08 0.00 0.00 0.91 3.70 125 35.00 100.80
C mean 4.19 0.08 0.42 2.58 0.06 0.16 3.79 8.92 16.55 35.73 109.58
sd 2.27 0.04 0.17 1.06 0.08 0.16 7.08 6.36 2.10 0.35 9.83
max 8.54 0.18 0.69 4.78 0.24 0.59 25.96 27.35 13.96 35.32 125.00
min 0.26 0.01 0.10 1.28 0.00 0.00 0.82 4.54 20.86 36.49 100.80
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andlaterexcretionof thisnutrient.Duringsummer,
however,thehigh concentrationsof chlorophyll-a
observedin coastalstationswereassociatedto low
nitrateconcentrationsandto CW. Thesefindings
suggestthattheSACW reachedthesurfacelayers
andmixedwithCW in previousperiods,conducting
to an enrichmentof thesewatersand promoting
phytoplanktongrowth. Mariano et aI. (1996)
modelingthe bio-physicalvariabilityin a Gulf
Streammeandercrestaidedby PCA, identified
regionswithenhancedpigmentbiomass,uncoupled
fromregionswithlowtemperatureandhighnutrient
concentrations.Presentdatasuggesthat summer
conditionsrepresenttheproductivephaseasdefined
byGonzalez-Rodriguezt aI, (1992)for upwelling
evolution.
Wintersurvey,however,wasassociatedtohigh
nitrateconcentrationsdueto the strong SACW
advection.The low chlorophyll-aconcentration
observeddose to Cabo Frio suggeststhat
phytoplanktonmay be in a lag growthphase.
Saldanha (1993) observedthat under low
temperatures« 18°C),similartothosefromsurface
watersin CaboFrio,phytoplanktontakesoverfour
daysto reachits exponentialgrowthphase.The
nutrientadditionto the euphoticzoneoccursjust
prior to the phytoplanktonbiomassenhancement.
ModelsfromsimpleLagrangiancalculationsapplied
to eddysimulationsof theGulf Stream suggested
that a chlorophylldistributionpartemsimilar to
thoseobservedat thepresentworkcanalsoarise
from a simplemeanderingstream.Olson et a/.
(1994) showedthat the time it takes to the
phytoplanktonresponse,movestheresultantincrease
inbiomassdownstream.TheareadosetoCaboFrio
presentedstrongwindsfromNNE toSSWsinceone
daybeforethesamplingarise.Accordingto André
(1990)wind speedshigherthan 3.5 m S.l and
continuouslyactingfor at least24 hoursprecede
SACWadvectionatCaboFrioregion.
Summerand wintersurveysrepresentedifferent
upwellingstatus.The conditionsshowedduring
summer survey suggest that the upwelling
phenomenonwas in its "productivephase",sensu
Gonzalez-RodrigueztaI. (1992),meaningthatthe
physicalupwellingprocesseshadalreadyceasedand
nutrientswerethenpartof theinternalpoolof the
phytoplankton.However,during winter all the
analyzedfeaturessuggestedan initial upwelling
phaseconsideredby thoseauthorsas thephysical
upweIlingprocessesproperly,when cold, rich
nutrientwater arises at the surfaceand the
phytoplanktonhadnotsufficienttimeto incorporate
thenutrientsin itsbiomass.
The reflexof the upwellingon bothsurface
temperatureand phytoplanktonbiomasscan be
observedownto thenorthemsectorof theSouth
brazilianbight(Ubatubaregion),as describedby
Lorenzetti& Gaeta(1996).TheclustersandPCAs
spatialportrayalspointedoutverticalandhorizontal
boundariesof a multidimensionalenvironment
representedby physical,chemicaland biological
characteristics.In both periods,these analyses
allowedthe spatialobservationof a group of
sampling points (group A) with ecological
similaritiesinside the 100 m isobath,which
representsheveryinnershelfdirectlyinfluencedby
theupwellingaction.Moser(1997)andGianesella-
Galvão(1994)analyzingdatafromCaboFrio upto
Rio Paraíbado Sul estuaryfrom a surveythat
followedbothsamplingsofthepresentpaper,didnot
observehigh phytoplanktonbiomassat Bacia de
Campos,evenafterthesummerbloom.Thisfindings
strengthentheideaof frequentpatchdisplacements
southward.
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